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Persian GulfAbstract An observer program was conducted to study and quantify the dimensions of illegal
shrimp ﬁshing in Hormozgan inshore waters (the northern Persian Gulf). Catches were sampled
from 54 replicate landings of three boats from July to October 2014. The catch composition by
weight included 55.37% shrimp and 44.63% by-catch (25.90% discards and 18.73% incidental
catch). Forty-one species belonging to 27 families constituted the by-catch species, which Portu-
nidae and Leiognathidae families had the highest contribution of by-catch composition with
24.71% by weight and 16.71% in number, respectively. The catch rate (kg boat1 day1) of shrimps
and by-catches were estimated as 16.056 ± 4.412 and 12.653 ± 2.686 using the non-parametric
bootstrap method (a= 0.05). A randomized t-test comparison, with 1000 replicates, of by-catch
species weight with weight of shrimps was not signiﬁcant (P> 0.05). Using a Monte Carlo proce-
dure through combining data of catch rate and the number of boats and ﬁshing days, we estimated
the annual IUU shrimp catch between 461.118 and 523.251 tons (a= 0.05), which is valued
between 2.6 and 3 U.S. million dollars approximately. These results consider the ﬁrst study on
the illegal shrimp ﬁsheries in the Persian Gulf, and could be helpful for marine ﬁsheries managers
in the region.
 2015 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Sustainable exploitation of ecosystems is confronted with crit-
ical challenges. In the case of ﬁsheries, illegal, unreported andunregulated (IUU) ﬁshing has been recognized as one of the
severe threats to sustainable ﬁsheries worldwide (Osterblom
et al., 2011; Polacheck, 2012). As a global concern, IUU ﬁsh-
ing jeopardizes marine ecosystems, food security, and liveli-
hoods (Pramod et al., 2014). Agnew et al. (2009) argued that
IUU catches are between 13% and 31% of global reported
catches, and over 50 percent in some areas, which was esti-
mated between 10 and 23.5 billion dollars per year.
The Persian Gulf, located in 24 to 30 300 N latitude and
48to 56 250 E longitude, lies between Iran (Islamic Republic
of) to the northeast and the Arabian Peninsula to the
346 M. Daliri et al.southwest. Statistics submitted annually by the Persian Gulf
countries to the United Nations Food and Agriculture Organi-
zation (FAO) mostly disregard or under-report the proportion
of illegal catches and discards (Al-Abdulrazzak and Pauly,
2013). Therefore, there is not adequate information to estimate
the extent of IUU ﬁshing or its negative consequences in the
region.
Iranian parliament adopted the Law of Protection and
Exploitation of the Fisheries Resources in 1995. The aim of
this law is to promote sustainable development and exploita-
tion of Iranian ﬁsheries through responsible management
(Salari shahrbabaki, 1995). Based on it, the Iranian govern-
ment has made an effort to eliminate IUU ﬁshing in territorial
waters. However, illegal shrimp ﬁshing represents one type of
IUU ﬁshing in Iranian waters of the Persian Gulf. In this paper
we set out a detailed study which represents substantial infor-
mation on shrimp catch and by-catch by this ﬁshing method in
Hormozgan inshore waters of Iran. Illegal shrimp ﬁshing is
one of the most difﬁcult problems facing ﬁsheries management
in Hormozgan province. In recent years, total marine shrimp
catch has been decreased due to (a) increasing the illegal
shrimp ﬁshing, (b) oil pollutions, (c) habitat destruction and
(d) reduction in inlet of freshwater to estuaries (Mohebi, 2014).
Marine shrimp resources in Hormozgan are exploited by
industrial and artisanal ﬁsheries in the open ﬁshing season
(October and November), but the small out-board engine pow-
ered boats equipped with drift gill nets (locally named Semari),
in some cases also bottom trawl nets, capture the shrimp at the
closed season (late July to October). A report on illegal shrimp
ﬁshing in Hormozgan estimated that the number of illegal ﬁsh-
ing boats were more than eight-hundred (Aalizade and
Oliyaee, 2015). Because information on this serious concern
is not detailed enough for promoting sustainable development
of ﬁsheries in the region, the present research identiﬁes theFigure 1 Location of the Hormozgcatches and by-catch species composition from illegal shrimp
ﬁsheries in the Hormozgan province. It could be a prelude to
inform administrators to mitigate the biological, social and
environmental threats posed by this ﬁshery.Materials and methods
Study area and data collection
This research was carried out in the shrimp ﬁshing grounds of
Hormozgan, which is the most important ﬁshery province in
Iranian waters of the Persian Gulf (Fig. 1). The research pro-
gram was conducted from July to October 2014 to assess IUU
catch and catch composition produced by illegal shrimp ﬁsh-
eries. Sampling operation was performed by three small out-
board engine powered boats with 3.5–4 m length and 40–60
horse power engine (Fig. 2). The cruises were done during
day time from 5 AM to 2–3 PM. Vessels were equipped with
two or three drift gill nets (locally named Semari) with a 55
fathom ﬂoat line and lead line (1fathom = 183 cm), 3.5
fathom height, and 20 mm mesh size (Bar). The monoﬁlament
nets were also made of knotted polyamide with a twine size of
1 mm Ø (Fig. 3). A total of 54 landings were censused. A ﬁsh-
ery dependant survey was done with: (I) sampling catch com-
position for each landing and (II) oral interviews with IUU
ﬁshers, in partnership with HFO (Hormozgan Fisheries Orga-
nization), to estimate the ﬁshing effort (Ambrose et al., 2005).
The catch of landings was quantiﬁed and identiﬁed to the
lowest possible taxonomical level (Asadi and Dehghani,
1996; Fischer and Bianchi, 1984; Froese and Pauly, 2015;
Palomares and Pauly, 2015). In some cases, such as small
species, sub-samples were separated to estimate the number
of individuals. The following data were collected from allan province in the Persian Gulf.
Figure 2 Illegal shrimp ﬁshing in Hormozgan inshore waters of the Persian Gulf (red ﬂashes indicate the ﬁshing boats).
Figure 3 Illegal shrimp ﬁshing gear (locally named Semari) in Hormozgan inshore waters of the Persian Gulf.
Illegal shrimp ﬁshing in Hormozgan inshore waters 347landings: (1) total weight of shrimps and by-catches (kg), (2)
weight and numbers of ﬁsh in by-catch, and (3) sizes of shrimps
and some commercial ﬁsh and ﬁshes with high occurrence
(carapace length in mm and total length in cm, respectively).
Data analysis
The relative contribution of each species (weight and number)
was determined according to the total by-catch. The catch rate
was determined by using Eq. (1):
CPUE ¼ Catchðkg or gÞ
fishing boat day ð1Þ
The non-parametric bootstrap method was utilized to esti-
mate the average catch rate ± Conﬁdence interval (a= 0.05),
and one thousand separate replicate samples were produced
(Haddon, 2011). The occurrence percentage for each species
was also obtained through Eq. (2):Occurrence ð%Þ ¼ q
P
 100 ð2Þ
where q is the number of samples of the organism and P is the
total number of samples (Queirolo et al., 2011; Walmsley et al.,
2007). Randomized two-tailed t-test, with 1000 replicates, was
also employed to compare the total weight of shrimp and
by-catch (Haddon, 2011).
Box plots were drawn to show the carapace and total length
frequency for shrimps and thirteen commercial by-catch ﬁsh
species and ﬁshes with high occurrence. The reported LM50
of the selected species, from prior studies in Iranian waters
of the Persian Gulf (Abbaszade, 2010; Alizadeh, 2013;
Dastbaz, 2011; Mohamadikia, 2013), were used to compute
mean Lc (length catch) to LM50 ratio. For other species
(Scomberomorus guttatus, Eupleurogrammus muticus, Anodon-
tostoma chacunda, Netuma thalassina, Plicofollis dussumieri,
Alepes djedaba, Megalaspis cordyla, Ilisha megaloptera, Ilisha
melastoma), that LM50 have not been reported, Lopt was
Table 1 List of by-catch composition of illegal shrimp ﬁshing
by drift gill-net (Semari) in Hormozgan inshore waters of the
Persian Gulf.
S/N Family Scientiﬁc name PWBC PNBC
1 Sphyraenidae Sphyraena jello 1.33 1.23
2 Scombridae Scomberomorus
commerson
2.32 0.53
3 Platycephalidae Platycephalus indicus 2.34 1.27
4 Dussumieriidae Dussumieria acuta 2.01 3.92
5 Clupeidae Sardinella melanura 0.90 1.47
6 Clupeidae Anodontostoma
chacunda
2.66 2.53
7 Lactariidae Lactarius lactarius 1.50 0.69
8 Scombridae Rastrelliger kanagurta 5.07 3.72
9 Portunidae Portunus segnis 24.71 17.82
10 Muricidae Murex scolopax 1.61 3.27
11 Terapontidae Terapon jarbua 2.47 2.13
12 Terapontidae Terapon theraps 4.39 3.02
13 Mullidae Upeneus sulphureus 1.34 3.72
14 Mullidae Upeneus sundaicus 1.25 1.96
15 Nemipteridae Parascolopsis aspinosa 1.96 0.78
16 Ariidae Netuma thalassina 7.21 1.59
17 Ariidae Plicofollis dussumieri 1.93 0.69
18 Pristigasteridae Ilisha megaloptera 3.18 3.19
19 Pristigasteridae Ilisha melastoma 1.80 2.78
20 Clupeidae Sardinella gibbosa 1.36 1.43
21 Scombridae Scomberomorus guttatus 1.74 0.86
22 Synodontidae Saurida tumbil 1.94 2.17
23 Carangidae Alepes djedaba 1.79 0.82
24 Engraulidae Thryssa vitrirostris 1.45 3.68
25 Sillaginidae Sillago sihama 2.67 3.47
26 Gerreidae Pentaprion longimanus 1.62 5.03
348 M. Daliri et al.calculated by using the Froese and Binohlan empirical formula
(Eq. (3) and Eq. (4)):
Lopt ¼ 101:0421 logLinf0:2742 ð3Þ
Linf ¼ 100:44þ0:9841 logLmax ð4Þ
where Lopt is optimum length of catch, Linf is asymptotic
length and Lmax is maximum length. For most ﬁshes Lopt lies
between the ﬁrst and second spawning, thus making overﬁsh-
ing theoretically impossible, because all ﬁsh had a chance to
spawn before being caught (Froese, 2006; Froese and
Binohlan, 2000).
For estimating the annual IUU shrimp catch, data of catch
rate and ﬁshing effort (with conﬁdence intervals associated
with them) were combined in a Monte Carlo procedure
through Eq. (5) (Al-Abdulrazzak and Pauly, 2013; Pitcher
et al., 2002).
Toatal Illegal Catch ¼ CPUEðkg=boat dayÞ
 Fishing effort ðboats No:
 dayes No:Þ ð5Þ
Results
The proportion of shrimp and by-catch from the total catch by
weight was 55.37% and 44.63% (25.90% discards and 18.73%
incidental catch), respectively (Fig. 4). Forty-four species
belonging to 28 families constituted the catch species (Table 2).
The Portunidae and Leiognathidae families had the highest
contribution of by-catch composition with 24.71% by weight
and 16.71% in number, respectively (Table 1). For all species
caught, PWBC (percentage with respect to by-catch in weight)
and PNBC (percentage with respect to by-catch in number),
mean catch rate ±% 95 CI and occurrence (%) are presented
in Tables 1 and 2. Comparison of weight of shrimp with weight
of by-catch species using randomized t-test detected a non-
signiﬁcant difference (P> 0.05) (Table 3).
Fig. 5 indicates the carapace length–frequency distribution
for Banana shrimp (Penaeus merguiensis) and Jinga shrimp
(Metapenaeus afﬁnis), which mean carapace length ± 95%
CI were 25.7 ± 0.8 mm for P. merguiensis and 24.3
± 0.6 mm for M. afﬁnis.
Length–frequency distribution of selected species is also
shown in Fig. 6, for all of them the mean Lc was under the
LM50 or Lopt (Fig. 7).Figure 4 The catch composition by weight in the survey catches.The number of illegal shrimp ﬁshing boats was estimated to
be 844 (Table 4). For data analyzing, we assumed that 50–70%
of the boats daily cruised at the closed season. Thereafter,
results of Monte Carlo simulation model showed that the esti-
mated annual IUU shrimp catch was between 461.118 and
523.251 tons (a= 0.05) (Table 5).
Discussion
For Iranian waters of the Persian Gulf, pervious researches on
shrimp ﬁsheries had focused on by-catch composition of bot-
tom trawl nets and efﬁciency of BRDs (Eighani and27
Leiognathidae
Photopectoralis bindus
2.15 16.71
28
Leiognathus brevirostris
29
Equulites lineolatus
30 Carangidae Megalaspis cordyla 0.84 0.61
31 Cynoglossidae Cynoglossus bilineatus 0.79 1.10
32 Gymnuridae Gymnura poecilura 2.20 0.74
33 Dasyatidae Himantura walga 1.55 0.45
34 Carangidae Atule mate 1.12 0.82
35 Carangidae Alepes kleinii 1.58 0.69
36 Sparidae Crenidens crenidens 1.28 0.65
37 Trichiuridae Eupleurogrammus
muticus
0.65 1.63
38 Carangidae Atropus atropos 1.25 0.61
39 Ephippidae Ephippus orbis 1.39 0.78
40 Scatophagidae Scatophagus argus 1.07 0.86
41 Haemulidae Pomadasys kaakan 1.58 0.57
Table 2 The occurrence and average catch rates of species in illegal shrimp ﬁshing by drift gill-net (Semari) in Hormozgan inshore
waters of the Persian Gulf.
Species Occurrence (%) Catch per unit of eﬀort
By weight (kg) By number
Mean 95% Conﬁdence interval Mean 95% Conﬁdence interval
Lower Upper Lower Upper
Target species Penaeus merguiensis 100 13.900 10.581 17.998 – – –
Metapenaeus aﬃnis 96 1.980 1.400 2.600 – – –
Penaeus semisulcatus 47 0.140 0.036 0.264 – – –
By-catch Sphyraena jello 52 0.180 0.100 0.246 1.20 0.64 1.92
Scomberomorus commerson 41 0.300 0.145 0.450 0.52 0.28 0.80
Platycephalus indicus 60 0.296 0.162 0.492 1.24 0.76 1.76
Dussumieria acuta 84 0.255 0.175 0.335 3.87 2.56 6.10
Sardinella melanura 86 0.120 0.060 0.175 1.54 0.68 2.85
Anodontostoma chacunda 68 0.340 0.180 0.525 3.68 1.8 4.20
Lactarius lactarius 36 0.190 0.090 0.310 0.68 0.38 1.47
Rastrelliger kanagurta 60 0.642 0.360 0.975 3.64 2.12 5.48
Portunus segnis 88 3.200 1.400 5.720 17.44 9.16 29.72
Murex scolopax 44 0.210 0.120 0.315 3.20 2.00 4.68
Terapon jarbua 72 0.315 0.200 0.435 2.28 1.58 3.86
Terapon theraps 56 0.556 0.295 0.854 3.96 1.92 6.28
Upeneus sulphureus 64 0.170 0.105 0.245 4.64 3.20 6.93
Upeneus sundaicus 50 0.158 0.088 0.235 2.92 1.01 4.00
Parascolopsis aspinosa 48 0.250 0.140 0.365 0.76 0.40 1.12
Netuma thalassina 79 0.912 0.440 1.635 4.36 2.08 7.76
Plicofollis dussumieri 40 0.245 0.095 0.380 1.08 0.68 2.04
Ilisha megaloptera 84 0.405 0.260 0.555 3.97 2.45 5.86
Ilisha melastoma 69 0.230 0.150 0.320 3.72 2.64 4.80
Sardinella gibbosa 47 0.172 0.102 0.250 2.40 1.07 4.39
Scomberomorus guttatus 32 0.220 0.130 0.315 0.94 0.54 1.51
Saurida tumbil 66 0.245 0.155 0.355 3.24 1.66 5.05
Alepes djedaba 49 0.226 0.144 0.313 1.08 0.53 1.69
Thryssa vitrirostris 67 0.184 0.118 0.244 4.43 2.39 6.81
Sillago sihama 58 0.340 0.200 0.495 2.73 1.49 3.05
Pentaprion longimanus 85 0.205 0.120 0.300 5.92 3.88 7.49
Photopectoralis bindus
94 0.275 0.176 0.380 17.36 11.72 23.67Leiognathus brevirostris
Equulites lineolatus
Megalaspis cordyla 27 0.106 0.044 0.180 0.60 0.24 1.01
Cynoglossus bilineatus 36 0.100 0.052 0.160 1.08 0.52 1.72
Gymnura poecilura 42 0.280 0.155 0.420 0.72 0.40 1.23
Himantura walga 32 0.200 0.070 0.400 0.44 0.20 0.87
Atule mate 46 0.145 0.068 0.250 0.80 0.41 1.36
Alepes kleinii 34 0.200 0.050 0.450 1.02 0.28 2.18
Crenidens crenidens 28 0.170 0.100 0.250 0.64 0.36 0.92
Eupleurogrammus muticus 51 0.085 0.036 0.140 2.61 0.92 3.54
Atropus atropos 36 0.160 0.072 0.245 0.60 0.44 1.00
Ephippus orbis 24 0.180 0.100 0.260 0.76 0.49 1.11
Scatophagus argus 40 0.140 0.075 0.210 0.84 0.44 1.28
Pomadasys kaakan 18 0.200 0.100 0.320 0.56 0.38 0.92
Table 3 Result for comparing the catch rate (kg boat1 -
day1) of target species (shrimp) and by-catch by using
randomized t-test.
CPEU± 95%
Conﬁdence limit
Random
replicates No.
Statistic
test
P-value
Target species By-catch
16.056 ± 4.412 12.653 ± 2.686 1000 1.36 0.182
Illegal shrimp ﬁshing in Hormozgan inshore waters 349Paighambari, 2013; Hosseini et al., 2015; Paighambari et al.,
2003; Paighambari and Daliri, 2012; Valinasab et al., 2006).
This paper is the ﬁrst scientiﬁc research on illegal shrimp ﬁsh-
eries in the Persian Gulf, which release precious information
for promoting more sustainable marine ﬁsheries in the region.
Unexpectedly, the ﬁshing gear of this ﬁshery is mostly drift
monoﬁlament gill nets with small meshes, in some cases
bottom trawl nets, which are operated passively. For the pre-
sent study, average shrimp to by-catch ratio was 1:1 approxi-
mately. Other studies on by-catch from small-scale shrimp
Figure 6 Length frequency distribution for some ﬁsh species caught.
Figure 7 Mean Lc to LM50/Lopt ratio for some ﬁsh species caught.
Figure 5 Box plots of carapace length (millimeter) for Banana
shrimp (P. merguiensis) and Jinga shrimp (M. afﬁnis). The box
corresponds to the 25th and 75th percentiles and the red line inside
the box represents the median carapace length. The vertical line
represents the range of values.
Table 4 The number of illegal shrimp ﬁshing boats in
Hormozgan province.
Region Number
Bandar Abbas 440
Dargahan 92
Hormoz 200
Minab 112
Table 5 Estimating the annual IUU shrimp catch in
Hormozgan inshore waters by using a Monte Carlo procedure.
CPEU± 95% CL Fishing
days
Fishing
boat No.
Estimated annual
catch (t)
Min. Max.
16.056 ± 4.412 40 ± 10 500 ± 100 461.118 523.251
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Illegal shrimp ﬁshing in Hormozgan inshore waters 351trawling, by dhows, in Hormozgan inshore waters have given
an alarming shrimp to by-catch ratios from 1:3 (Valinasab
et al., 2006), 1:4 (Eighani and Paighambari, 2013) to 1:6
(Hosseini et al., 2015). Ambrose et al. (2005) argued that active
operation is generated more by-catch than by passive operation.
To estimate unreported catches and especially illegal
catches, uncertainty is an intrinsic part of the studies (Forrest
et al., 2001; Pitcher et al., 2002). We utilized uncertainty into
our analysis by using the non-parametric bootstrap method
and Monte Carlo simulation to provide upper and lower
bounds of estimates. Some researchers argued that it is difﬁcult
to estimate the IUU catch and quantify the species-speciﬁc
composition of illegal ﬁsheries (Agnew et al., 2009;
Ainsworth and Pitcher, 2005), but in this research, we esti-
mated the species composition by weight and measured the size
of the most commercial species caught, to produce comprehen-
sive information about illegal shrimp ﬁsheries in the region.
This paper demonstrates that illegal shrimp ﬁsheries gener-
ate a considerable level of by-catch in the Persian Gulf which
was not recorded. The catch rate (kg boat1 day1) of the by-
catch is 12.653 ± 2.686, which the occurrence percentage was
also higher than 50% for twenty-two species caught. As stated
in The State of World Fisheries and Aquaculture (SOFIA)
report of the Food and Agricultural Organization of the Uni-
ted Nations (FAO) most of ﬁsh stocks are fully or over
exploited in the Persian Gulf (FAO, 2011). Hosseini et al.
(2015) also argued that because juvenile commercially impor-
tant species are mostly ﬁshed, growth overﬁshing is going on
in the region. In this research for all selected ﬁsh species Lc
to LM50/Lopt ratio was <1, which prove their claims. Among
these species, Scomberomorus commerson has been listed as
near threatened (NT) and Platycephalus indicus and S. guttatus
have been assessed as data deﬁcient (DD) by the International
Union for Conservation of Nature and Natural Resources
(IUCN, 2014). Sadly this is not the end of the story and
recruitment overﬁshing, when a stock is ﬁshed so hard that
the stock size is reduced below the level at which it can’t pro-
duce enough new recruits to replace those dying (Haddon,
2011), is another type of overﬁshing in the region but it is more
difﬁcult to detect now.
Our estimated illegal shrimp catch comprises 40–46% of
the reported total shrimp catch (1200 tons) in landings of Hor-
mozgan province in 2014, which is valued between 2.6 and 3 U.
S. million dollars approximately. So far, this scientiﬁc statistic
has not revealed the IUU shrimp catches in the region, and
most of information has come from newspapers or news web-
sites. As previously stated, there is lack of information about
how many shrimp catches are actually made in the Persian
Gulf illegally. The present paper illustrates an application of
our methodology to address this critical query and dispel the
gaps in data ﬁshery. Illegal Silver pomfret (Pampus argenteus)
ﬁshery is also another type of IUU ﬁshing in the Hormozgan
province, which is a serious challenge, as shrimp, for man-
agers. Our methodology could be used in the next empirical
researches to study this illegal operation.Conclusion
As stated IUU ﬁshing is a major problem in the world’s ﬁsh-
eries. Nobody can deny the illegal shrimp ﬁshing in Hormoz-
gan inshore waters of the Persian Gulf. This type of IUUﬁshing has been made worse through ecosystem degradation
and economic losses. Our work reported here showed that
the annual IUU shrimp catch was between 461.118 and
523.251 tons, which comprises 40–46% of the reported total
landing in 2014. This study also demonstrates the urgent need
for increasing management and conservation for ﬁsh popula-
tions in the region. We believe that there are many empirical
documents on IUU ﬁshing worldwide, which could be the con-
tribution of the regional managers to combat IUU ﬁshing in
the Persian Gulf. For example, Korean government by using
a buy-back of vessels program has succeeded in eliminating
illegal bottom trawl ﬁshing in the coastal waters of Korea
(Cho, 2012).
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